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ABSTRACT

Background: Desirable product attributes for treatment of moderate-to-severe acute pain in many medically supervised set-
tings are rapid onset and a route of administration not requiring intravenous access. The pharmacokinetic characteristics of
sublingually administered tablets containing 15 or 30 pg of sufentanil are described.

Methods: Blood was sampled from healthy subjects (four studies, 122 subjects) and patients (seven studies, 944 patients).
Studies in healthy subjects determined bioavailability, effect of inhibition of cytochrome P450 3A4, and the plasma concentra-
tion profile with single and hourly sublingual doses. Studies in patients evaluated effects of weight, age, sex, and organ impair-
ment on apparent clearance. Noncompartmental and mixed-effect population methods were used.

Results: Bioavailability of a single sublingual tablet was 52%, decreasing to 35% with repeat dosing. Ketoconazole (CYP3A4
inhibitor) increased maximum plasma concentration 19% and increased the area under the curve 77%. After a single 30-pg
dose, plasma concentrations reached the published sufentanil analgesic threshold (24 pg/ml) within 30 min, peaked at 1h,
and then decreased below therapeutic concentrations by -3 h. With hourly administration, plasma concentrations plateaued
by the fifth dose. Time for concentrations to decrease 50% from maximal values was similar after 1 dose (2.5+0.85h) and 12
doses (2.5+0.72h). Clearance increased with weight, decreased with age, and was not affected by renal or hepatic impairment.
Conclusions: The time course of a single 30-pg dose was consistent with onset of analgesia and redosing frequency observed
in clinical trials. Sublingual sufentanil tablets provide the opportunity to noninvasively and rapidly treat moderate-to-severe
pain in a monitored setting. (ANESTHESIOLOGY 2018; 128:943-52)

PIOIDS remain an important part of a multimodal

regimen for treatment of moderate-to-severe pain in
many acute clinical settings.'” When rapid treatment of
acute pain is desired, IV access is usually initiated. There are
many patients, such as those in the emergency department,
for whom difficulty in obtaining IV access delays the time to for acute use in opioid-naive patients
obtain pain relief.*> In addition, some patients who require . .
rapid onset of analgesia might not need IV access other L EE T ATHEE WGl 25 Il B [Mon

than for opioid administration. Oral transmucosal delivery e With sublingual administration of a newly developed 30-ug
sufentanil tablet, the time to maximum plasma concentration
was approximately 1h, but the analgesic threshold was
typically reached at or before 30 min, which is consistent with
the onset of analgesia observed in clinical trials of the 30-pg
product

The time for the plasma concentrations to decrease below

What We Already Know about This Topic

¢ Oral transmucosal delivery offers a noninvasive route for rapid
absorption of lipophilic opioids

e Available transmucosal fentanyl or buprenorphine products
often contain large doses of these opioids and are not suitable

offers a noninvasive route for rapid absorption of lipophilic
opioids.® However, currently available transmucosal opioid
products that contain either fentanyl or buprenorphine are
approved for use only in cancer breakthrough pain, opioid
addiction treatment, or chronic pain and often contain large e eEE reheld dher & clwle SO Som s

doses of opioids not suitable for opioid-naive patients in approximately 3h, which is consistent with the duration of
acute pain.”!! analgesia in those published clinical trials

AcelRx Pharmaceuticals (USA) has developed two sub-
lingual sufentanil tablet products: Dsuvia (which consists of

)
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the tablets typically dissolve within 5min, allowing sufent-

a single-dose applicator prefilled with a single 3-mm-diam-
eter 30-pg tablet administered by a healthcare professional
no more frequently than hourly) and Zalviso (a patient-con-
trolled analgesia system delivering 3-mm-diameter 15-pg
tablets with a 20-min lockout, commercially available in
Europe [Grunenthal, Germany]). The two products contain
identical ingredients. Once administered under the tongue,

anil to be absorbed transmucosally. The clinical effects and
safety of these products have been reported by several inves-
tigators.!>'® We now report the pharmacokinetic charac-
teristics of this sublingual sufentanil tablet formulation and
evaluate whether these characteristics are consistent with the
clinical profile (onset and offset of analgesia) of sublingual
sufentanil tablets reported in published clinical trials.

This article is featured in “This Month in Anesthesiology,” page 1A. This is a 2017 Frontiers in Opioid Pharmacotherapy Symposium article.

Submitted for publication August 4, 2017. Accepted for publication January 29, 2018. Corrected on July 27, 2018. From P Less Than, San
Francisco, California (D.M.F.); Certara Strategic Consulting, Princeton, New Jersey (P.C., D.R.W.); Leiden University Medical Center, Leiden,
The Netherlands (A.D.); and AcelRx Pharmaceuticals, Redwood City, California (P.P.P.).

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2018; 128:943-52

Anesthesiology, V 128 * No 5

May 2018

Copyright © 2018, the American Society of Anesthesio@g,igﬁdq@ﬁygmr@d@mbm&%gy Unauthorized reproduction of this article is prohibited.



Materials and Methods

Eleven clinical studies of sufentanil sublingual tablets have
been conducted to date: four in healthy subjects (table 1)
and seven in postsurgical patients (table 2), in which venous
blood was sampled to determine the pharmacokinetic charac-
teristics of sublingual sufentanil. These trials were registered
at ClinicalTrials.gov  (NCT00612534, NCT01539538,
NCT01539642, NCT01639729, NCT01660763,
NCT01710345, NCT01721070, NCT01761565,
NCT02082236, NCT02356588, and NCT02662556).
The dosage strengths evaluated in these trials included
Dsuvia (30 pg) and Zalviso (15 pg), as well as tablet pro-
totypes containing 5, 10, and 20 pg of sufentanil admin-
istered during phase 2 dose-finding studies. Demographic
characteristics are summarized in table 3. All of the studies
were approved by either a local or central institutional review
board, and all subjects gave informed consent.

After sublingual dosing, the tablet was allowed to dis-
solve under the tongue and was not to be crushed, chewed,
or swallowed. Subjects were not to eat or drink and were
to minimize talking for 10 min after tablet administration.
With IV administration (studies IAP102 and IAP104), suf-
entanil was infused over 1 min. For buccal administration
(study IAP102), the tablet was placed between the lower
gum and lower lip with forceps. For oral administration
(study IAP102), subjects swallowed the tablet with approxi-
mately 240 ml of distilled water; the subject’s mouth was
checked to ensure the tablet was swallowed.

Venous blood was sampled, centrifuged at 1,300 ¢ for
10min at 4°C to separate plasma, and then frozen at 20°C
within 60min of collection. Sufentanil plasma concentra-
tions were determined by PRA Early Development Services
(Lenexa, Kansas) using a validated assay. In brief, plasma
concentration values were determined by liquid chromatog-
raphy—tandem mass spectrometry after liquid-liquid extrac-
tion from 200-pl aliquots with methyl-zer+-butyl ether under
alkaline conditions. Samples were injected onto an API Triple

Pharmacokinetics of Sufentanil Sublingual Tablets

Quad 5,500 mass spectrometer (Applied Biosystems, USA)
equipped with UPLC Acquity binary solvent and sample man-
agers (Waters Corporation, USA) after isocratic elution from a
Zorbax 300-SCX (3.0 x 50 mm, 5 pm) column (Agilent Tech-
nologies, USA) by a mobile phase consisting of 20% 20 mM
ammonium formate (pH 2.5) and 80% acetonitrile flowing at
1.00 ml/min. The electrospray source of the spectrometer was
in the positive ionization mode. Mass-to-charge ratios of the
precursor-to-product ion reactions monitored were 387.2 —
238.1 for sufentanil and 392.2 — 238.2 for the internal stan-
dard (sufentanil-D5). Standard curves, analyzed on the same
day as study samples, used blank human K2-EDTA plasma
spiked to concentrations of 1.00 to 1,000 ng/ml. Inter- and
intraassay coeflicients of variation over the dynamic assay
range (1.000 to 1,000 pg/ml) were less than 7.3% and less
than 5.5%, respectively. Three sets of pharmacokinetic analy-
ses were conducted: two using noncompartmental methods
and the third using mixed-effect population methods.

Noncompartmental Analyses
Separate analyses were conducted for each of studies SAP101
and IAP104 (analyses of studies IAP101 and IAP102 were
published previously'®). All subjects received 50 mg naltrexone
orally twice daily to block the p-opioid effects of sufentanil.
In study SAP101, there were four sequential sufentanil treat-
ment sessions separated by 24 h: 1x30-pg IV dose, 1x30-ug
sublingual dose, 12x30-pg sublingual doses at intervals of
60 min, and 2x 15-pg sublingual doses administered 20 min
apart. In study IAP104, a 15-pg sublingual dose was followed
by three daily doses of ketoconazole (400 mg each) and a sec-
ond 15-pg sublingual dose on the day of the final ketocon-
azole dose; ketoconazole treatment was intended to evaluate
the impact of inhibition of cytochrome P450 3A4 (CYP3A4),
the enzymatic degradation pathway for sufentanil.

For each sufentanil dose, the maximum plasma concen-
tration and time to maximum plasma concentration were
determined by inspection of the data. The area under the

Table 1. Dosing and Sampling Regimen for Trials Conducted in Healthy Subjects

Regimen, No. of Interval between Duration of
Protocol No. of Subjects Doses x pg* Doses, min Sampling, h Samples/Subject
1AP101 40 1x15 - 24 21.9
40x15 20 37 30.6
I1AP102t 24 1x15 - 24 19.0
1x15 (V)
1x15 (buccal)
1x15 (oral)
IAP104 19 2x15§ 4,320 24 37.0
SAP101t 399 1x30 (V) — 24 20.1
2x15 20 24 18.1
1x30 — 24 18.1
12x30 60 35 32.0

*All doses are sublingual unless otherwise indicated. tData with intravenous (IV), buccal, and oral administration were excluded from the population
pharmacokinetic analysis. £The first sample was collected at 1 min. §The second sufentanil dose was preceded by three 400-mg doses of ketoconazole
administered at daily intervals. f|Four subjects were excluded from the population analysis due to incomplete data.

Anesthesiology 2018; 128:943-52
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Table 2. Dosing and Sampling Regimen for Trials Conducted in Surgical Patients

No. of Dose, Shortest Time Longest Duration Duration of Samples/

Surgery Patients ug between Doses, min of Dosing, h Sampling, h Patient
Knee replacement 69 5,10, 15 20 12 12 1
Open abdominal or orthopedic 162 15 20 72 48 1.9
Open abdominal 98 15 20 72 48 1.7
Knee or hip replacement 288 15 20 72 48 1.8
Bunionectomy* 80 20, 30 60 12 12 3.9
Open or laparoscopic abdominal* 107 30 60 48 24 2.9
Mixed surgical populationt 140 30 60 12 12 3.8

*Patients in these studies did not have laboratory data to assess the impact of hepatic and renal function on clearance. tPatients requiring at least 24 h of

postoperative opioid analgesia.

Table 3. Demographic Characteristics of Subjects/Patients in Pharmacokinetic Trials with Sufentanil Sublingual Tablets

Healthy Subjects Surgical Patients
N 122 944
Male/female 58/64 373/571

Age, yr (mean + SD [range])
Weight, kg (mean + SD [range])

29+7 (18-46)
72.1+12.4 (47.8-101.5)

58+14 (18-92)
85.0+20.5 (43.0-165.0)

curve from the time of drug administration to the final
quantifiable sample, the terminal half-life, and area under
the curve extrapolated after the final quantifiable sample
were determined using standard methods. The area under
the curve from the time of drug administration to the final
quantifiable sample was determined using linear trapezoids.
Terminal slope was calculated by linear regression of log-
transformed values for the final three (or more) detectable
plasma concentration values versus time; terminal half-life
was 0.693 (log[2]) divided by the terminal slope. The extrap-
olated area under the curve was determined as the negative
of the final detectable plasma concentration value divided
by the terminal slope. The total area under the curve was
calculated as the sum of area under the curve from the time
of drug administration to the final quantifiable sample and
the extrapolated area under the curve. The time for plasma
concentration to decrease from maximum plasma concen-
tration to one-half maximum plasma concentration (termed
plasma half-time) was determined in two studies. For study
SAP101, the comparison was between the session in which
subjects received a single 30-pg sublingual dose and the final
30-pg sublingual dose of the multidose session. For study
IAP104, the comparison was between each sublingual dose
(before and after ketoconazole administration).

For study SAP101, bioavailability of the sublingual tablet
was calculated as the ratio of the total area under the curve for
the single 30-mg sublingual dose compared to IV administra-
tion. Bioavailability of a single 30-pg sublingual tablet relative
to two 15-pg sublingual tablets administered 20 min apart was
calculated as the ratio of total area under the curve for each of
these sessions; bioequivalence was evaluated by the 90% CI for
the ratio of total area under the curve (and maximum plasma
concentration) being contained within 80 to 125%. Bioavail-
ability and bioequivalence point estimates and 90% Cls were
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calculated from the log-transformed ratios of the values for
the two sessions. This comparison was performed for regula-
tory purposes to allow comparison of safety profiles between
patients exposed to the two different sufentanil sublingual
tablet strengths. For study IAP104, the effect of ketoconazole
was assessed by comparing the log-transformed ratios between
post- and preketoconazole values for each of maximum plasma
concentration and the total area under the curve.

These analyses were conducted using SAS (version 9.1;
SAS Institute, USA). The values are summarized as means
(SD) or medians (range). Comparisons between groups was
by ANOVA and/or paired # tests. Except for time to maximum
plasma concentration, terminal half-life, and plasma half-time,
comparisons were performed on log-transformed values.

Compartmental Population Analysis

This analysis included plasma concentration data from sub-
lingual administration in all healthy subjects (N = 122) and
postsurgical patients (N = 944). A data set suitable for a mixed-
effect population analysis was assembled using the R language
(htep://www.r-project.org, version 3.3.0; accessed May 15,
2016). The analysis was conducted using NONMEM soft-
ware (version 7.4; Icon Development Solutions, USA).

The base model included two systemic compartments,
an absorption rate and absorption lag, a term for bioavail-
ability of the sublingual product compared to IV admin-
istration (this term was fixed to the value obtained in a
noncompartmental analysis), a term to allow bioavailabil-
ity to differ between the initial and subsequent sublingual
doses, and a term for the effect of ketoconazole on appar-
ent clearance of sufentanil. The model was assumed to be
linear with respect to dose and concentration. Interindi-
vidual variability was permitted for each of the pharma-
cokinetic parameters with the exception of bioavailability.

Fisher et al.
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A proportional model was used for residual error between
observations and predictions.

Covariates were added to the model in a systematic man-
ner, using a stepwise forward—backward search strategy.
Covariates that were evaluated were age, sex, weight, dose
level, dose number, and administration of ketoconazole
(introduced into the model as a factor). A covariate was
included in the model if it decreased the minimum value of
the objective function with P < 0.001 (10.83 units for the
addition of one parameter to the model). This strict inclu-
sion criterion was used to account for multiple hypothesis
testing. Hepatic and renal impairment could not be incorpo-
rated into the model because aspartate transaminase, alanine
transaminase, total bilirubin, and serum creatinine were not
assessed in two studies involving surgical patients. Therefore,
impact of organ impairment was evaluated using post hoc val-
ues for clearance (referenced to the upper limit of normal for
each assay) in surgical patients for whom laboratory values
were available.

The pharmacokinetic model was validated using likeli-
hood profiles. In the first run, all parameters (with the excep-
tion of bioavailability with sublingual administration) were
estimated. Then for each parameter, that parameter was fixed
to a series of values spanning the estimated value. The span
was selected so as to ensure that the fit of the model to the
data deteriorated, as assessed by the minimum value of the
objective function. The results are displayed graphically. The
values are reported as means + SD, median, or range.

Results
Noncompartmental Analysis, Study SAP101

Maximum plasma concentration was markedly lower
and time to maximum plasma concentration was later
with sublingual compared to IV administration (fig. 1;
table 4); total area under the curve was smaller with

10001
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Fig. 1. Plasma concentration profile (mean, SD of venous
concentrations) for 30 pg of sufentanil administered to 39
subjects in study SAP101. Colors indicate dose and route of
administration. Cp = plasma concentration; IV = intravenous;
SL = sublingual.
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sublingual administration relative to IV, yielding a
bioavailability point estimate of 52% (90% CI, 47 to
57%). In the multidose arm, trough plasma concentra-
tion values (obtained before each dose except doses 4 and
6) plateaued by the fifth dose (fig. 2). Repeated sublin-
gual dosing of 30 pg at intervals of 1h produced a peak
plasma concentration 2.4 times that of a single dose.
Mean plasma half-time (fig. 3) was similar after a single
30-pg sublingual dose compared to the final (twelfth)
dose of the multidose session.

When comparing exposure between the two dosage
strengths, referenced to two 15-pg sublingual doses sepa-
rated by 20 min, a single 30-pg sublingual dose had a rela-
tive bioavailability of 89% (90% CI, 81 to 97%) and a
point estimate for maximum plasma concentration of 93%
(90% CI, 84 to 103%), which jointly met the criteria for
bioequivalence.

Noncompartmental Analysis, Study IAP104

After inhibition of CYP3A4 by ketoconazole, maximum
plasma concentration increased 19% (90% CI, 3 to 38%;
P =0.047), and total area under the curve increased 77%
(90% CI, 54 to 101%; P < 0.001). Although terminal
half-life doubled (P = 0.003), plasma half-time increased
minimally (0.44h; 90% CI, -0.10 to 0.97; P = 0.172;
table 5).

Compartmental Population Analysis

A two-compartment model in which bioavailability decreased
with repeat doses of sublingual sufentanil fit the data well
(fig. 4). Covariates that were incorporated into the model
(table 6) were effects of weight on the systemic parameters;
age and administration of ketoconazole on apparent clear-
ance; and a slower absorption rate and lower bioavailability
in surgical patients. The addition of each of these covariates
was associated with an improvement in the objective func-
tion of at least 24 units (P < 0.00005 for the addition of one
parameter to the model).

Referenced to the median weight of 80kg, a 1-kg
increase in weight increased clearance 0.5% (fig. 5).
Clearance decreased 1.6%/yr, referenced to age of 56 yr.
Administration of ketoconazole decreased clearance 37.0%
(corresponding to a 58.7% increase in the area under the
curve). Bioavailability decreased approximately one third
with repeated dosing, thereby reducing the impact of accu-
mulation. Absorption was slower in surgical patients com-
pared to healthy subjects. Hepatic and renal impairment
did not impact apparent clearance (fig. 6). Likelihood pro-
files (fig. 7) indicate that each parameter was estimated with
precision.

Discussion

After IV administration of 30-ug sufentanil in healthy
subjects, mean maximum plasma concentration was more
than 1,000 pg/ml, a concentration that is likely to depress

Fisher et al.
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Table 4. Parameters Obtained from the Noncompartmental Pharmacokinetic Analysis of SAP101

Treatment
2x15 g SL 12x30 pg SL

Parameter 1x30 pg IV 1x30 pg SL (20-min interval) (60-min intervals)
C, o PO/mI 1,073.94 (968.17) 63.14 (23.49) 66.00 (20.38) 150.78 (36.40)

maxe N - 1.00 (0.50-2.00) 1.17* (0.67-2.00) -
AUC, ., pg/ml x h 539.68 (113.12) 277.68 (84.36) 307.30 (79.08) T
Terminal half-life, h 13.72 (6.12) 13.37 (8.89) 15.66 (9.38) 12.68% (4.31)
Plasma half-time, h - 2.5+0.85 — 2.5+0.72

Bioavailability, % (90% ClI) -
Relative bioavailabity, % (90% CI) -
(vs.2x15 g SL)

52.25 (46.93-57.57)
89 (81-97) _ _

58.26 (52.94-63.58) -

The values are means (SD) except for T

max

(median [range]) and bioavailability.

*Referenced to the first dose. 1The area under the curve for this session could not be calculated because sampling was limited during certain dosing

intervals. tAfter the final (twelfth) dose.

AUCU_w = total area under the curve; Cmax = maximum plasma concentration; IV = intravenous; SL = sublingual; T, .x = time to maximum plasma concentration.

LY o T T A |
250
200
Sufentanil

(pg/ml) 01
100

50

0

Time (hours)

Fig. 2. Trough plasma sufentanil concentrations obtained be-
fore each dose (except doses 4 and 6) in the multidose arm
of study SAP101 are displayed against time; each line repre-
sents the values from one subject (N = 34). Arrows indicate
the times of doses. Median values at each time point are dis-
played with large filled red circles.

ventilation had subjects not been pretreated with naltrex-
one. In contrast, the same dose administered sublingual
yielded a mean maximum plasma concentration of 63 pg/
ml. The lower maximum plasma concentration with sublin-
gual administration results from two factors, bioavailability
of 52%, and a slower absorption profile compared to IV.
The resulting sublingual plasma concentration profile would
likely delay onset of analgesia compared to an IV bolus of
30-pg sufentanil but would do so without incurring a high
maximum plasma concentration, thereby minimizing side
effects.

Clinical trials that evaluated the analgesic time course
after a single 30-pg sublingual sufentanil tablet demon-
strated that analgesic onset was typically 15 to 30 min,
and repeated doses were required at intervals of ~3 h.1316.17
These values can be compared to the plasma concentration
profiles obtained in SAP101. After a single 30-pg sublin-
gual sufentanil tablet, plasma concentration exceeded 30
pg/ml by 30 min (fig. 3). Scott et @/.*° demonstrated that
the equilibration half-life between blood and effect-site

Anesthesiology 2018; 128:943-52 947
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Fig. 3. Plasma concentration profile (mean, SD) after adminis-
tration of 30-ug sublingual sufentanil tablets in study SAP101.
The red line displays values from the single-dose session
(N =39). The blue line displays values for the final (dose 12, ad-
ministered as 1-h intervals) of the multidose session (N = 34).
Horizontal arrows start at the time of the peak plasma concen-
tration and end at one half of that concentration; the vertical
arrow indicates the dose time. Cp = plasma concentration.

concentrations (known as t ,k ) for sufentanil was
6.2 min; therefore, it is likely that effect site concentrations
at 30 min were at least the minimum median effective con-
centration of sufentanil (24 pg/ml) reported by Lehmann
et al.*! By 180 min after administration, plasma concen-
tration decreased to ~30 pg/ml, consistent with a typical
3-h dosing interval. Thus, the plasma concentration profile
after a single dose appears to predict the typical analgesic
profile with the 30-pg sublingual sufentanil tablet. Simi-
larly, clinical studies evaluating the 15-pg sublingual suf-
entanil patient-controlled analgesia system demonstrate an
interdosing interval of half this duration, averaging 81 to
100 min.'%?? Patients can titrate to effect with the 15-pg
sublingual sufentanil patient-controlled analgesia system
as frequently as every 20 min; therefore, onset of analgesia
with the 15-pg dosage strength was not measured.

Fisher et al.
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Table 5. Parameters Obtained from the Noncompartmental Pharmacokinetic Analysis of IAP104 (15-ug Sublingual Sufentanil Tablet)

Parameter Before Ketoconazole After Ketoconazole P Value
C,ax PO/mI 39.95+18.57 46.00+16.50 0.047
Toae N 0.83 (0.33-2.00) 1.17 (0.67-2.00) < 0.001
AUC, .., pg/ml x h 138.66 +64.36 243.92+110.86 < 0.001
Terminal half-life, h 6.35+7.49 13.12+£8.31 0.003
Plasma half-time, h 2.36+0.15 2.80+0.28 > 0.05

The values are means + SD except for T
sufentanil.

AUC,_, = total area under the curve; C__ = maximum plasma concentration; T__ = time to maximum plasma concentration.

(median [range]); 400mg of ketoconazole was administered daily for 3 days between doses of sublingual

max

Observed/Predicted
1
Observed/Predicted
1

0.2
0.2

0.1
0.1

0 50 100 150
Time (hours) Time (hours)

Fig. 4. Goodness-of-fit graphics for the compartmental mixed-effect model. (Left) Population fit. (Right) Post hoc fit. Each line
represents the ratio of observed to predicted values for one subject versus time (h). The red line is a smoother (Supersmoother);
for both the population and post hoc fit, it tracks the line of identity, indicating that the model is unbiased.

Table 6. Pharmacokinetic Parameters from the Compartmental Population Analysis
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Parameter Estimate Interindividual Variability*
WTFCTR (weight factor) (KGt/80)0-4058 —t
AGEFCTR (age factor) 1-0.01628 x (AGE§ - 56) —I
KETOFCTR (factor for ketoconazole) —1
In the absence of inhibition 1.0
In the presence of inhibition 0.629931
Clearance, I/h 38.36 x WTFCTR x AGEFCTR x KETOFCTR 0.3192
Central volume, | 47.05 x WTFCTR 0.9258
Distribution Clearance, I/h 33.32 x WTFCTR 0.3631
Peripheral volume, | 670.8 x WTFCTR 0.5751
Absorption rate, per h 0.1179
Healthy subjects 0.5007
Patients 0.3591
Absorption lag, h 0.06823 —3
Relative bioavailability —3
Healthy subjects 1.0
Patients 0.8156
Sublingual bioavailability —1
Initial doses 0.531]|
Repeat doses (> 2) 0.350

*Calculated as the sqrt(OMEGA?), where OMEGA? is the variance of interindividual variability. TKG is weight in kg (one subject whose weight was missing
was assigned the median weight of 80kg). fInterindividual variability was not permitted for this parameter in the optimal model. §AGE is age in yr; median
age is 56 yr. [IThis 0.531 value, which differs slightly from the geometric mean ratio value from an ANOVA model in table 4 (0.5225), was fixed to the median
individual bioavailability determined in the noncompartmental analysis of the single sublingual 30-pg dose in study SAP101.

Several factors influence systemic exposure to sublingual ~ to younger and heavier subjects. Administration of keto-
sufentanil (assessed by apparent clearance, total area under conazole, a potent inhibitor of the CYP3A4 elimination
the curve, or maximum plasma concentration). Older and pathway, yielded a small increase in maximum plasma
lighter-weight subjects had a lower clearance compared concentration and a larger increase in total area under the
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60 ml/min; and “severe”: glomerular filtration rate at most 30 mi/min).
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curve after a single dose of sublingual sufentanil; in the compared to values with a single dose.?? This measurement
was termed “context-sensitive half-time” and was developed
to quantify the time after the end of a continuous infu-

sion that plasma concentration decreases from the value at

compartmental analysis, ketoconazole decreased sufentanil
clearance by ~37%. If sublingual sufentanil tablets were
administered at a fixed interval (as was the case in studies in
healthy subjects), both maximum plasma concentration and ~ end-infusion (maximum plasma concentration) to one half
of maximum plasma concentration.”* We applied a simi-

lar concept to our data, determining the time from time

the area under the curve would be higher in subjects who
were elderly or lighter-weight or who took an inhibitor of
CYP3A4. However, the proposed dosing regimen for both
sublingual sufentanil tablet products is on an “as needed”
basis, which should minimize the impact of the factors that
influence systemic exposure.

With some drugs, repeated administration leads to
marked increases in the time for plasma concentration to

to maximum plasma concentration after the final dose to
plasma concentration reaching one half of maximum plasma
concentration (termed “plasma half-time”) after a single dose
versus the last of 12 doses. Although maximum plasma con-
centration was higher after the final 30-pg dose in the mul-
tidose arm of SAP101 compared to the single-dose arm, the

decrease to one half of maximum plasma concentration time to reach one half of maximum plasma concentration

Anesthesiology 2018; 128:943-52 949 Fisher et al.
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Fig. 7. Likelihood profiles are displayed for each parameter estimated in the population pharmacokinetic analysis. The x axis
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respectively. CL = clearance; CLdist = distribution clearance; F = relative bioavailability; ka = absorption rate; V1 = central volume.

did not differ between the single dose and the twelfth dose.
Willsie et al."® reported similar results for 15-pg sublingual
sufentanil tablets in study IAP101 administered at intervals
of 20 min: plasma half-time was 2.2 h after a single dose and
2.5 h after the fortieth dose (2 > 0.05 by paired # test). Inhi-
bition of CYP3A4 in study IAP104 increased plasma half-
time minimally, despite a large increase in area under the

curve and doubling of terminal half-life (table 5).

Anesthesiology 2018; 128:943-52

Repeated administration of 30-ug sublingual sufentanil
tablets at intervals of 1h in healthy subjects (study SAP101)
was associated with increasing plasma concentration versus
time: plasma concentration peaked at two to three times that
of a single dose and trough plasma concentration values pla-
teaued by the fifth dose. This magnitude of accumulation
with repeated hourly administration is likely to overestimate
what occurs in clinical practice with the 30-ug tablet. In

Fisher et al.
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patients who received the 30-pg sublingual tablet (in whom
repeat dosing was based on their request), the median inter-
dose interval was 3 h,'31%7 markedly longer than the fixed
1-h dosing interval in healthy subjects; this longer interdose
interval reduces the magnitude of accumulation. Consistent
with this, in patients treated with 30-pg sublingual tablets as
requested more than 12h, plasma concentration measured
at 1, 4, 8, and 12h ranged from 30 to 50 pg/ml,'*'*!” much
lower than the maximum plasma concentration achieved
with fixed hourly doses in SAP101 (151 pg/ml).

Patients might not follow dosing instructions, so to
address what would happen if a subject inadvertently swal-
lows a sufentanil sublingual tablet (rather than allowing for
transmucosal administration), study IAP102 was conducted
with an arm in which subjects were instructed to swallow
the tablet with 240 ml of distilled water. Compared to sub-
lingual administration, swallowed drug yields markedly
lower systemic exposure (bioavailability of 9% ws. 52%)
and a slightly later time to maximum plasma concentra-
tion (1.2h »s. 1.0h)." In comparison, swallowed fentanyl
has a bioavailability of 31% and a time to maximum plasma
concentration of 1.5h.?> Fentanyl’s higher gastrointestinal
bioavailability and later time to maximum plasma concen-
tration could result in late large secondary plasma concentra-
tion peaks because a large fraction of fentanyl (50 to 80%)
is solubilized in saliva and swallowed during transmucosal
delivery.”> The low bioavailability of sufentanil when the
intact tablet is swallowed implies that late large secondary
plasma concentration peaks are unlikely to occur with suf-
entanil sublingual tablets, even if solubilized drug is inadver-
tently swallowed during transmucosal delivery.

Bioavailability was 18% lower and absorption rate was
30% slower in surgical patients compared to healthy sub-
jects. The lower bioavailability may result from some subjects
not following instructions regarding sublingual placement of
the tablet. The slower absorption may result from decreased
saliva (possibly due to anesthetic drugs such as drying agents)
slowing the rate at which sufentanil is solubilized from the
tablet. In addition, as evidenced in the noncompartmental
analysis for both the SAP101 and IAP101 studies, repeated
administration in healthy volunteers is associated with a
decrease in bioavailability of sublingual sufentanil; data
from the present studies do not provide an explanation of
this phenomenon.

Transmucosal delivery of opioids (particularly fentanyl
and buprenorphine) is commonplace to treat breakthrough
pain in cancer patients, in patients with chronic pain, or
patients who require maintenance opioid therapy to treat opi-
oid dependence. To date, no transmucosal opioid products
are approved for treatment of moderate-to-severe acute pain
in patients who are not tolerant to opioids. Sufentanil was
selected for development in an sublingual tablet because it is
more potent than fentanyl, thereby permitting the tablet to be
extremely small (3-mm diameter), generating minimal salivary
response and minimizing swallowed drug. Pharmacokinetic

Anesthesiology 2018; 128:943-52 951

and pharmacodynamic characteristics of sufentanil are simi-
lar to fentanyl, but sufentanil may result in less accumulation
with repeated administration** and has lower bioavailability if
the product were inadvertently swallowed. Sufentanil was also
selected for its lack of active metabolites (which contrasts with
commonly used analgesics such as morphine, hydromorphone,
codeine, tramadol, and meperidine).26 Importantly, clinical tri-
als evaluated safety and clinical effects of sufentanil sublingual
tablets in nonopioid tolerant patients (patients using 15mg
or less of oral morphine daily equivalent).!*1822 In contrast,
approved transmucosal fentanyl products contain opioid
doses that are likely to be excessive for patients who are not
opioid-tolerant; as a result, these products are approved only
for patients who are opioid-tolerant (typically 60 mg or more
of oral morphine equivalents).”

A minor limitation of these studies is that venous, rather
than arterial, samples were obtained to determine plasma
concentrations of sufentanil. With a nonintravenous route of
administration, concentrations are changing relatively slowly,
such that differences between arterial and venous values are
minimal. However, with intravenous administration (one
arm of each of studies [AP102 and SAP101), venous concen-
trations are likely to underestimate peak arterial values. As a
result, our use of venous sampling might have underestimated
maximum plasma concentration (and, to a lesser extent, area
under the curve) for IV administration, understating the dif-
ferences between sublingual and IV administration.

The noncompartment and compartmental analyses
yielded slightly different estimates for the impact of keto-
conazole on the area under the curve: 77% wversus 59%.
This difference results from the different mathematical
approaches for the two analyses. Regardless, both analy-
ses indicate that ketoconazole increases the area under the
curve markedly.

In summary, we report the pharmacokinetic characteris-
tics of sufentanil sublingual tablets in healthy subjects and
patients undergoing painful surgical procedures. Maximum
plasma concentration after a single 30-pg sublingual dose was
markedly damped compared to the value obtained with the
same dose administered IV. With sublingual administration of
30-pg sufentanil, time to maximum plasma concentration was
~1h, but the analgesic threshold was typically reached at or
before 30 min, consistent with the onset of analgesia observed
in clinical trials of the 30-pg product. Time for plasma con-
centration to decrease to the analgesic threshold after a single
30-pg dose was ~3 h, consistent with the duration of analgesia
in those trials. Several factors—age, weight, and administra-
tion of a CYP3A4 inhibitor—influenced clearance of sufent-
anil. However, these should have minimal impact on systemic
exposure in patients because doses of sufentanil sublingual
tablets are administered on an “as needed” basis.
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